Purpose The purpose of this work was to evaluate the patientborne financial cost of common, adverse breast cancer treatment-associated effects, comparing cost across women with or without these side effects. Methods Two hundred eighty-seven Australian women diagnosed with early-stage breast cancer were prospectively followed starting at 6 months post-surgery for 12 months, with three monthly assessments of detailed treatment-related side effects and their direct and indirect patient costs attributable to breast cancer. Bootstrapping statistics were used to analyze cost data, and adjusted logistic regression was used to evaluate the association between costs and adverse events from breast cancer. Costs were inflated and converted from 2002 Australian to 2014 US dollars. Results More than 90 % of women experienced at least one adverse effect (i.e., post-surgical issue, reaction to radiotherapy, upper-body symptoms or reduced function, lymphedema, fatigue, or weight gain). On average, women paid $5,636 (95 % confidence interval (CI), $4,694, $6,577) in total costs. Women with any one of the following symptoms (fatigue, reduced upper-body function, upper-body symptoms) or women who report ≥4 adverse treatment-related effects, have 1.5 to nearly 4 times the odds of having higher healthcare costs than women who do not report these complaints (p<0.05). Conclusions Women face substantial economic burden due to a range of treatment-related health problems, which may persist beyond the treatment period. Improving breast cancer care by incorporating prospective surveillance of treatmentrelated side effects and strategies for prevention and treatment of concerns (e.g., exercise) has real potential for reducing patient-borne costs.
Introduction
Approximately 200,000 women are diagnosed with breast cancer each year in the USA [1] . While the vast majority will survive their disease [1] , adverse treatment effects are common, may persist beyond the treatment period, and contribute to the burden of cancer, including the economic burden [2, 3] . Cancer rehabilitation and exercise interventions have been shown to prevent, attenuate, or rehabilitate many of the physical and psychosocial side effects of breast cancer treatment [4] [5] [6] [7] [8] . Unfortunately, surveillance of treatment-related side effects is ad hoc, the majority of women are not offered a rehabilitative program after breast cancer [9] , and women may even be unaware that interventions exist to assist with treatment-related side effects [10] . Instead, women are left with the impression that the presence of side effects is part of their "new normal" [10] .
Prospective surveillance and rehabilitation models are being promoted as best practice for breast cancer care [11, 12] . Health-promoting skills and behaviors, which incorporates education and regular assessment of common side effects, alongside exercise, reflect key components of these models given their role in early detection, prevention, and alleviation of physical and psychosocial impairments. While the exercise rehabilitation programs for women with breast cancer have shown to be a cost-effective investment for health providers [11, 13] , cost from the patient perspective needs to also be considered because invariably, the costs for these sorts of programs are borne by patients and their families.
The Pulling Through Study (PTS) collected data on the economic impact of breast cancer and its treatments in Australia and has previously reported that positive lymph nodes and younger age were associated with higher economic burden [14] . Women diagnosed with breast cancer can face financial stress in three forms, such as (1) out-of-pocket expenses for medical care (copayments, insurance) and nonmedical expenses (parking, transportation), (2) loss of earnings, and (3) loss of household income of other family members due to caregiving needs. Australia has a publicly funded universal healthcare scheme (Medicare) operated by the Australian Government. The aim is to provide universal access to healthcare to all Australian citizens at an affordable cost or at no cost, while allowing choice for individuals through substantial private sector involvement in delivery and financing. Healthcare funding through optional private health insurance and out-of-pocket payments by individuals collectively accounts for 30.3 % of all healthcare funding in Australia [15] . Herein, these costs incurred by the patient, and not the healthcare system, are referred to as "patient costs." This area of inquiry, as well as direct and indirect healthcare expenditures for cancer, is an active one [16] [17] [18] and has recently been coined the "financial toxicity" of cancer [19] . Patient costs are growing, with burden falling heaviest on those least able to afford these costs [20, 21, 18, 22] , potentially adding to health disparities across socio-demographic groups of breast cancer survivors. Understanding the economic burden of adverse effects of breast cancer is key to improving cancer care. Knowing the problem exists should be enough to change practice, but the potential to control healthcare costs, assist patients with return to gainful employment, and establish a more equitable supportive care infrastructure adds an important dimension that may assist in these efforts.
The purpose of this work was to evaluate the economic burden of common, adverse treatment effects, comparing burden across women with or without these outcomes, from the patient's perspective. While prior studies have examined the economic impact of single adverse treatment effects (e.g., lymphedema [23] , chemotherapy-induced neutropenic conditions [24] , radiotherapy-induced skin toxicity [25] ), we were unable to locate any prior studies that examine the economic burden of combined adverse effects of treatment. It would seem that this is an important perspective, given that that is the lived experience of the survivor. Our hypothesis was that women who experienced more adverse treatment effects over 18 months post-surgery would experience significantly greater economic burden of cancer than those who did not. We further sought to explore which specific adverse treatment effects were economically burdensome.
Materials and methods

Study design and sample recruitment
The PTS was a prospective, population-based, cohort study designed to track and assess the physical and psychosocial recovery of women newly diagnosed with breast cancer. Recruitment and study design for the PTS have been described in detail elsewhere [26] . In brief, of the 511 women originally targeted for recruitment into the PTS, doctor consent (in accordance with local cancer registry protocols) was obtained for 82 % of the sample. Of these, 287 women with characteristics representative of the wider breast cancer population consented to participate and were prospectively followed for 12 months from 6 months post-surgery (diagnosed in 2002; on average, women are treated within 2 to 4 weeks following diagnosis of breast cancer in Queensland (unpublished results)), with data collection procedures involving completion of a clinical assessment and/or a self-administered questionnaire every 3 months. Some of the women participated on a questionnaire-only basis; hence, they lack objective assessments of lymphedema.
The study was approved by the university of human research ethics committee and the local cancer registry before data collection.
Data collection
Tumor characteristics were obtained from histopathology reports held by the Queensland Cancer Registry (e.g., histological grade, lymph node status, type of surgery) for the target sample (no other data collected on this group) and for all study participants. Study participants completed a mailed, selfadministered questionnaire assessing demographic characteristics (e.g., age, children, education level, occupation, income, private health insurance), general health (e.g., comorbidities, body mass index (BMI; kg/m 2 ), weight, height, smoking status), type of adjuvant treatment received (e.g., chemotherapy, radiation, hormonal therapy), adverse treatment effects (e.g., post-surgical issues, skin/tissue reaction to radiotherapy, upper-body symptoms, weight gain, fatigue, upper-body function), and economic information.
Outcome variables
The variable "post-surgical issues" includes a count of women who reported at least one of the following complications between diagnosis through to 18 months post-surgery: wound infection, other infection, seroma/hematoma, axillary web, or cording. The variable "skin/tissue reaction to radiation therapy" was also created in the same manner. Two items (tingling and weakness) from the Disability of the Arm, Shoulder, and Hand scale (DASH) [27] and five items (pain, stiffness, range of motion, swelling, and numbness) from the Functional Assessment of Cancer Therapy, Breast+4 (FACTB+4) [28] questionnaire were used to create the variable "upper-body symptoms." Women were considered to have a positive indication for any of these upper-body symptoms when reporting "severe" to "extreme" on the DASH items or "quite a bit" to "very much" on the FACTB+4 items [29] . The proportion of women reporting at least one of these symptoms at each timepoint was then calculated. Clinical assessments of lymphedema were performed by qualified Exercise Physiologists using bioimpedance spectroscopy (BIS) [30] and sum of arm circumferences (SOAC) [31] . A participant was classified as having lymphedema when the their L-DEX score was greater than 10 (BIS) or when the difference of their SOAC on the treated and untreated was >5 cm. Weight gain was assessed by comparing measured values at 18 months postsurgery to self-reported weight 6 months prior to diagnosis.
Where measured values at 18 months post-surgery were unavailable, measured values at 15 months (n=4) or 12 months (n=3) were used. Increases of >10 % over these self-reported weights from 6 months prior to diagnosis were considered gains. The presence of fatigue was determined via the FACTB+4 item "I have a lack of energy" [28] . Again, those who reported "quite a bit" to "very much" were classified as having fatigue and positive indications were summed over time. Upper-body function was assessed by the DASH questionnaire [27] , with scores >20 (scale, 0-100, with higher scores reflecting reduced function) defined as reduced upper-body function [32] [33] [34] . Participants were coded as "ever" having experienced a symptom over the 18-month study period if she answered "yes" to the symptom at least once, and there was symptom information available for at least one data collection session for post-surgical issues and skin/tissue reaction to radiotherapy or at least two data collection sessions for upper-body symptoms, lymphedema (SOAC or BIS), fatigue, and upper-body function. The number of adverse treatment effects was then calculated (possible scores ranged between 0 to 7 adverse events).
Economic questions included health service expenditure specifically attributable to breast cancer using prompts (e.g., medical practitioner visits, physiotherapist visits, etc.), physical and social support programs undertaken, the use and cost of domestic services, family and other caregiving support, outof-pocket expenses (e.g., wigs, customized bras, prosthetics, lymphedema sleeve, etc.), paid and unpaid work reductions and associated lost income [14] . The economic questions used for data collection can be found in our previously published work [14] . Women were asked to recall these expenses at regular intervals, with data collection points scheduled at 6, 9, 12, 15, and 18 months post-surgery. At the baseline assessment, women were asked to report costs incurred since their breast cancer diagnosis, while subsequent data collection questionnaires asked recall of costs in the previous 3 months. Data across the study period were then summed to obtain the outcome variables of direct, indirect, and total costs. The costs considered were from the perspective of the patient only; no health system data were collected.
Indirect costs included the value of lost income, unpaid help, and lost unpaid work. The average weekly earnings for women in Queensland were used to value lost income from paid employment [35] . Unpaid work is categorized into two broad types: production by households for their own consumption (e.g., a family member providing care for another family member) and volunteer, charity, or community work provided free of charge to others outside the family. Although the distinctions between unpaid work and leisure are sometimes blurred and certainly debatable, unpaid work was defined here as those activities recognized by the study participants as time-committed and valued activities within their community that otherwise could be purchased from the market sector [36] . The quantities of unpaid work were valued with an hourly estimate using the "net opportunity cost approach" [36] . This estimate was used to reflect the survivors' value of what they could have earned in wages (including employer benefits) had they spent the same amount of time in paid work as expended on unpaid work, after allowing for tax and any work-related costs.
Statistical analysis
Using SPSS version 19.0 (IBM Corp, Armonk, NY), descriptive analyses employed weighting procedures (1:1.3) to address oversampling of younger women. Direct costs included out-of-pocket expenditure on garments and aids, health services, and paid home services. Indirect costs included the value of lost income, unpaid help, and lost unpaid work. Descriptive statistics showing cost distributions (i.e., means, standard deviations, medians, minimums, maximums), and sums are presented. Cost data are summarized for direct, indirect, and total costs and presented for participants with positive values (i.e., costs were greater than zero). Patientlevel cost data are typically right-skewed and an acceptable approach to analyzing these data is with non-parametric bootstrapping statistics. Bootstrapped means and 95 % confidence intervals (95 % CIs), using the bias-correctedaccelerated approach, were calculated from re-sampling the data 1000 times. This analysis used STATA SE version 12.
Costs were inflated and converted to 2014 US dollars using the CCEMG-EPPI-Centre Cost Converter (version 1.4 last update, 27 January 2014).
The group of interest was those women whose costs were above the median and in being able to characterize them. A dichotomous outcome variable was computed in order to distinguish factors which influenced costs spent above the median (lower cost versus higher cost). These two groups were compared using logistic regression models for direct, indirect, and total cost, to generate odds ratios (ORs) and 95 % CIs in order to identify correlates that influence these distinct groups, and to examine if the presence of adverse treatment effects influenced cost. Models were adjusted for age, income, BMI, cancer stage, and adjuvant therapies. Modeling was performed in SPSS version 19 (IBM Corp, Armonk, NY).
Results
Of the 511 women originally targeted for recruitment into the PTS, doctor consent was obtained for 82 % of the sample. Of these, 287 women (69 %) provided informed consent and baseline data (scheduled at 6 months post-surgery) and were followed prospectively for 12 months; 179 completed the 18-month follow-up with clinical data (Table 1) . Study participants were representative of the target sample with respect to breast cancer characteristics (grade 1, 26.7 versus 24.3 %; grade 2, 31.7 versus 35.7 %; grade 3, 30.7 versus 32.2 %; and not available, 10.8 versus 7.8 %, respectively) and treatments received (lumpectomy, 64.9 versus 62.2 %, respectively). Response rates for the individual economic survey questions ranged from 85 to 99 % across the five phases. The women were diverse with regard to education and occupation, with over one third in the low education group and 23 to 30 % within the lowest household income strata. The majority of the women had experienced stage I or II breast cancer, underwent axillary dissection, had positive lymph nodes, and underwent radiation therapy as part of their treatment. Current receipt of chemotherapy or radiotherapy diminished substantially over time; at the 12 and 18 months post-surgery assessment, only 4 and 1 %, respectively reported current receipt of chemotherapy or radiotherapy. Table 2 presents prevalence of symptoms up to 18 months post-surgery and Table 3 the direct, indirect, and total patient cost among women who experienced versus did not experience each adverse treatment effect queried in the PTS. On average, women paid $5,636 (95%CI: $4,694, $6,577) in total costs. Key findings include higher direct, indirect, and total costs among women who reported upper-body symptoms, and ≥4 persistent adverse effects of treatment, as well as higher total costs among women who reported fatigue and reduced upper-body function (p<0.05). No other characteristics examined, such as post-surgical issues, skin/tissue reaction to radiotherapy, lymphedema, weight gain, and number of comorbidities, showed differences in costs. Table 4 ratios from adjusted logistic regression models for each of the four outcomes for which statistically significant patient costs were noted. Key findings include that women who report upper-body symptoms have higher odds of having higher direct and total healthcare costs than women who do not report upper-body symptoms (2.6-and 2.1-fold increased odds, respectively). Similarly, women who report ≥4 persistent treatment-related adverse effects have 3.8 and 2.3 increased odds of having higher direct and total economic burden of breast cancer. Furthermore, after adjustment for all other factors in the model, the odds of greater direct costs are higher among survivors who self-report fatigue and reduced upperbody function (1.8 and 1.9 fold increased odds, respectively).
presents odds
Discussion
Breast cancer survivors who self-report upper-body symptoms, fatigue, or reduced upper-body function experience increased personal economic healthcare burden over 18 months of follow-up post-surgery. Furthermore, women who report four or more of these common outcomes experience more than double the total healthcare costs (on average) and are at 3.8-fold increased odds of experiencing higher healthcare costs than women with three or fewer adverse treatment effects. There was also some evidence to suggest that indirect costs associated with these symptoms (which included the value of lost income, unpaid help, and lost unpaid work) was the driver behind the total cost increase observed when these symptoms were present. The current results lend support to exploring the potential cost-effectiveness of interventions that could prevent direct out-of-pocket expenses for patients of up to $2,000 USD per patient per year. These findings build on prior work in this cohort which have detailed the frequency with which survivors experience adverse effects of cancer treatment (>50 % over 6 years of follow-up) [37] , as well as the economic burden faced by cancer survivors [14] . In contrast to previous findings by Shih et al. [23] , the current study did not observe greater economic burden among women with lymphedema compared with women without lymphedema. However, key differences in study design could explain discrepancies in findings. For example, the Shih et al. study reported economic burden from the payer perspective (e.g., US Medicare), identified lymphedema cases via medical chart review and did not examine whether other persistent adverse effects of treatment influenced these higher costs. The current study presents economic burden from the patient perspective, identified lymphedema cases via clinical assessment, and presents adjusted analysis, taking into account other adverse effects. Irrespective of lymphedema status, it is noteworthy that the presence of moderate to severe upper-body symptoms, reduced upperbody function and fatigue contribute to substantially higher out-of-pocket patient expenses, and are reported by 40 % of women following breast cancer. Importantly, there exists compelling evidence that show these same side effects are amenable to intervention, in particular exercise [38, 39, 11] . Knowing the problem exists and having an effective treatment strategy are the first steps in changing practice. This current study places a cost on these treatment-related effects, and in There are few studies that have examined out-of-pocket costs for breast cancer survivors [16] [17] [18] 25] . One prior study noted that about 20 % of out-of-pocket costs among Canadian breast cancer survivors went toward treatment of complications and symptoms [16] . However, the authors noted that consultations with psychiatry, social work and occupational Note: If a participant missed at least 4/5 observations for post-surgical issues and skin/tissue reaction to radiotherapy or 3/5 observations for upper-body symptoms, lymphedema (via sum or circumference or bioimpedance spectroscopy), fatigue, or upper-body function, she was classified as missing (if showed no evidence of the symptom at the other time-point(s)) a Post-surgical issues include wound infection, other infection, seroma/hematoma, axillary web, and cording. Counts include women who reported at least one issue b Upper-body symptoms from DASH include tingling and weakness (rated severe to extreme), and items from FACTB+4 symptom-specific concerns include pain, stiffness, range of motion, swelling, and numbness (rated quite a bit to very much). Counts include women who reported at least one symptom c Lymphedema measured via sum of arm circumferences (SOAC): lymphedema=when treated side was ≥5 cm than untreated side d Lymphedema as measured via bioimpedance spectroscopy (BIS): lymphedema=when ratio is >3 SD of normative values e Weight gain was assessed by comparing measured values at 18 months post-surgery to self-reported weight 6 months prior to diagnosis. Where measured values at 18 months post-surgery were unavailable, measured values at 15 months (n=4) or 12 months (n=3) was used. Increases of >10 % over these self-reported weights from 6 months prior to diagnosis were considered gains f Fatigue "I have a lack of energy" from FACTB+4 physical well-being domain rated as quite a bit to very much g Upper-body function as assessed by the DASH (range 0 to 100): scores >20 categorized as reduced function h Number of adverse treatment effects includes post-surgical issues, skin/tissue reaction to radiotherapy, upper-body symptoms, lymphedema (via sum of circumference or bioimpedance spectroscopy), weight gain, fatigue, and upper-body function i Number of adverse treatment effects includes post-surgical issues, skin/tissue reaction to radiotherapy, upper-body symptoms, lymphedema (via sum of circumference or bioimpedance spectroscopy), weight gain, fatigue, and upper-body function. Only women with data available for all adverse treatment effects in each time-point were included in this analysis therapy are provided as part of hospital care and, thus, result in no out-of-pocket costs. This would be quite different in the USA. We found only one prior study that has specifically examined whether there are increased out-of-pocket costs associated with an adverse effect of treatment. Schnur et al. [25] observed that women who experienced radiation-induced skin toxicity spent, on average, $132 more out-of-pocket than women without this common side effect (USA data, 2009/2010). Further, women with functional impairments due to this toxicity were particularly likely to spend more out-of-pocket. Depending on socioeconomic position of the woman, outof-pocket expenses related to breast cancer may represent a greater proportion of household income and contribute to disparities in the burden of cancer [18, 22] and decreased quality of life [17] . Importantly, our findings represent a timely extension to those recently published which demonstrated that participation in breast cancer treatment, as well as adherence to treatment prescribed, was at least in part, economically motivated, with minority patients most vulnerable to privations and financial decline attributed to breast cancer [22] . It therefore seems likely that the ability to cope and respond to the presence of one or more treatment-related adverse effects through participation in rehabilitative programs would be associated with an individual's economic position; yet these same adverse treatment effects would continue to influence one's ability to generate income in the first place.
The present study includes the unique, longitudinal collection of the personal economic and adverse treatment effect data within a relatively large, population-based cohort, over an 18-month follow-up period post-surgery. However, the nature : underweight/healthy, overweight, obese, and missing), cancer stage (I, II+), chemotherapy (no, yes), radiation (no, yes), and hormonal therapy (no, yes); data represents ever receiving chemotherapy, radiation, or hormonal therapy over the study period up to 18 months post-surgery e Upper-body symptoms from DASH include tingling and weakness (rated severe to extreme), and items from FACTB+4 symptom-specific concerns include pain, stiffness, range of motion, swelling, and numbness (rated quite a bit to very much). Counts include women who reported at least one symptom f Fatigue measured as "I have a lack of energy" from FACTB+4 physical well-being domain rated as quite a bit to very much g Upper-body function as assessed by the DASH (range 0 to 100): scores >20 categorized as reduced function h Number of adverse treatment effects includes post-surgical issues, skin/tissue reaction to radiotherapy, upper-body symptoms, lymphedema (via sum of circumference or bioimpedance spectroscopy), weight gain, fatigue, and upper-body function. Note: If a participant missed at least 4/5 observations for post-surgical issues and skin/tissue reaction to radiotherapy, or 3/5 observations for upper-body symptoms, lymphedema (via sum or circumference or bioimpedance spectroscopy), fatigue, or upper-body function, she was classified as missing (if showed no evidence of the symptom at the other timepoint(s)) of the data collection procedures prevents untangling the order in which events occurred (e.g., did the costs go up before, after, or concurrently with adverse effect onset). Consideration should also be given to the impact of other comorbid conditions, as well as the natural course of aging in the relationship between patient costs incurred and adverse treatment symptoms. While there was an observed increase in patient costs incurred among women experiencing one or two comorbidities in this study, the relationship was not linear (or statistically significant). In addition, standard breast cancer care has changed since the period of data collection, with changes in treatment influencing the type and frequency of side effects experienced. Some changes may mean costs have been overestimated (e.g., sentinel node biopsy (SNB) prior to further axillary node dissection (AND) is now standard practice and SNB is associated with fewer treatment-related side effects compared with AND), while others (e.g., use of aromatase inhibitors is now standard practice, with this treatment influencing bone density and the need for bone density scans, with partial or full costs of scans borne by women) may mean costs have been underestimated. Also, while the self-report nature of the data collection involves the risk of recall bias (for side effects and economic burden) and high participant burden, this bias was minimized through the use of specific and targeted questions asked regularly (once every 3 months, with the exception of baseline assessment which covered the previous 6 months), and this method of data collection has been shown to be highly efficient, as well as cheaper and more effective at covering a wide range of services relative to chart review (which is labor intensive) or claims data (which has poor scope) [40] [41] [42] [43] [44] . Furthermore, approximately one third of the sample had insufficient data to allow calculation of prevalence for every persistent adverse effect measured. Nonetheless, data within Table 1 support the similarity of those with complete and incomplete data.
Future studies are needed to assess interventions and associated costs that have potential to prevent and effectively manage treatment-related side effects, in particular fatigue, upper body symptoms, reduced function, as well as control healthcare and patient-borne costs, assist patients with return to gainful employment, and establish a more equitable supportive care infrastructure. Evidence supports exercise as an intervention associated with the prevention and attenuation of adverse effects of breast cancer treatment, improves function, health and quality of life during and following breast cancer treatment and may improve overall and disease-specific survival. It is now time to evaluate its cost-effectiveness. What remains to be determined is who would pay for these interventions. If the patient pays, the intervention will have to reduce costs for symptoms by more than the cost of the intervention. If the healthcare system pays, the patient will get "free" reductions in their own costs, while the healthcare system will see only increases in costs. Cost-effectiveness analyses are usually from the perspective of the healthcare system, not the patient. However, a reduction in the number of visits to physicians will decrease patients' travel and time costs and reduces costs paid by the healthcare system for the visit. While we acknowledge the lack of clarity regarding who would pay for the intervention, there is little question that effective interventions to prevent and treat symptoms would hold value for survivors and those who care for them, beyond discussions of economics.
